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Book Review 
Breaking Up Is Hard to Do 
Cellular Proteolytic Systems, Volume 15. 
Edited by Aaron J. Ciechanover and Alan L. Schwartz. 
Modern Cell Biology Series. New York: John Wiley and 
Sons. (1994). 233 pp, $84,95. 
To classical biochemists, enzymologists, or cell biologists, 
proteolysis has been a problem that could wreak havoc 
with weeks of meticulous work when they find a particular 
activity is "dead" as a result of proteolytic degradation. 
Indeed, it may not be entirely coincidental that several 
proteases have the syllables "pain" in their names. In the 
past decade, proteases have assumed new respectability 
owing to the recognition that controlled proteolysis regu- 
lates many cellular processes, including quality control 
in the endoplasmic reticulum (ER); virus assembly; the 
biosynthesis of peptide hormones, neuropeptides, and 
hormone receptors; polypeptide hormone turnover; anti- 
gen processing; stages in embryonic development; and 
tumorigenicity. 
CellularProteolytic Systems, edited by Ciechanover and 
Schwartz, is Volume 15 in the Modern Cell Biology series 
published by Wiley-Liss. Rather than describing the char- 
acteristics and biochemical properties of cellular prote- 
ases, the book attempts to integrate proteolytic degrada- 
tion in the context of cell biology by describing protein 
turnover in various organelles and systems. The strength 
of the book is that the range of topics will make it of interest 
to many different investigators. However, a number of im- 
portant recent developments in which selective proteolytic 
cleavage has been shown to play an essential role are not 
well covered. For example, processing of peptide hor- 
mone and neuropeptide precursors by prohormone con- 
vertases, the yeast (Saccharomyces cerevisiae) Kex2 pro- 
tease that cleaves pro-R-factor to mature R-mating factor, 
and furin, the mammalian homolog of the Kex2 protease, 
which is implicated in the cleavage of several viral enve- 
lope glycoprotein precursors, warrant a separate chapter. 
The cursory treatment given them in the book is unfortu- 
nate because in the past 5 years these enzymes have 
been an intense area of research (for a review of this area, 
see Steiner et al., 1992). 
Ubiquitin, one of the most highly conserved proteins 
known, is a 76 amino acid polypeptide that, when conju- 
gated to cellular proteins, targets them for degradation. 
Despite considerable effort, relatively few natural sub- 
strates that are ubiquitinylated in vivo have been identified. 
Part of the initial chapter by the book's editors is devoted 
to examples of proteins that undergo ubiquitin-mediated 
proteolysis, including the p53 tumor suppressor, the c-myc 
and c-myb proto-oncogenes, and cyclins. Together, the 
first two chapters present a comprehensive review of the 
ubiquitin-mediated egradation pathway. This includes 
the enzymology of ubiquitin-conjugating enzymes, which 
have also been implicated in cell cycle progression (UBC3) 
and peroxisome biogenesis (UBC10). The chapter also 
includes a good discussion of the ATP-dependent 26S 
protease complex or proteasome and the 20S ATP- 
independent proteasome. The molecular genetics of the 
ubiquitin system in S. cerevisiae is reviewed by Gonda. 
This chapter is clearly written and contains two superbly 
compiled sum mary tables, one providing a comprehensive 
list of genes, phenotypes, and references of ubiquitin path- 
way components and the other providing a compilation of 
proteosome subunit genes from several species. While 
the editors might have exercised some judgment in limiting 
the scope of each chapter, these two reviews do present 
some differing views on several aspects of the ubiquitin 
pathway, including the N-end rule and the role of the 
proteosome in major histocompatibility complex (MHC) 
function. 
The signals, receptors, and enzymes that lead to protein 
degradation in organelles are still poorly understood. Dice 
and Terlecky review cytoplasmic protein degradation via 
import into lysosomes. Dice's laboratory has identified in 
serum-starved cells the so-called KFERQ motif in ribo- 
nuclease, which is also present in approximately 30% of 
cellular proteins and is responsible for their degradation. 
A trypsin-sensitive "receptor" on the cytoplasmic surface 
of lysosomes recognizes the degradation signal and, in a 
reaction requiring both ATP and heat shock proteins, is 
responsible for translocating proteins into lysosomes in 
vitro. Autophagy, the process by which cytoplasmic mac- 
romolecular constituents, including organelles, are de- 
graded in vacuoles, often in response to serum or amino 
acid deprivation, is reviewed by Mortimore and Kadowaki. 
Autophagocytic vacuoles have long been recognized mor- 
phologically, yet the molecular details of how these stuc- 
tures are formed is still not well understood. A review of 
this area, including many references to earlier work on 
the relationship between autophagic vacuoles and lyso- 
somes, is provided. However, a considerable amount of 
data is presented in this chapter, which consequently 
lacks perspective. 
In target cells, following binding to specific plasma mem- 
brane receptors, most polypeptide hormones, growth fac- 
tors, and neuropeptides are internalized and transported 
via endosomes to lysosomes. Authier, Posner, and Berg- 
eron present a very interesting review on the degradation 
of insulin and glucagon by hepatic endosomes. Much of 
the information stems from the authors' laboratories, such 
as the demonstration that endosomes contain several pro- 
teases, including cathepsins B and D, that degrade these 
hormones. It is also one of the more informative chapters 
in the book, in that the introductory paragraphs provide 
a summary of the properties of lysosomal proteases that 
ensures that the remainder of the chapter is readily intelli- 
gible to a nonexpert. The chapter also discusses insulin- 
degrading enzyme, a cytoplasmic enzyme that can de- 
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grade insulin in vitro. However, how such a cytoplasmically 
disposed protease would be exposed to insulin that has 
been internalized via membrane-bound endosomes is un- 
clear. 
In S. cerevesiae, most protein degradation occurs in 
the vacuole. The chapter called "Proteolysis in the Yeast 
Vacuole" by Jones and Murdock is an excellent review by 
some of the pioneering investigators in this area. Not only 
is it comprehensive and well written, it also contains sev- 
eral useful tables summarizing yeast vacuolar hydrolases. 
An intriguing question is whether the ubiquitin system 
plays any role in targeting proteins to the vacuole, and 
there is an interesting discussion implicating this organ- 
elle, in addition to the proteosome, in the degradation of 
proteins. 
It is now recognized that the ER contains a family of 
heat shock-related proteins that play an essential role in 
mediating folding of nascent polypeptides (for a general 
review of the area, see Hurtley and Helenius, 1989). Sev- 
eral years ago, a number of laboratories described an effi- 
cient protein degradation system, which is a component 
of the so-called ER quality control system. However, the 
nature of these proteases or their exact location (e.g., ER 
or cis-medial Golgi) remains to the determined. To date, 
none of these enzymes has been purified. Apart from their 
sensitivity to selective protease inhibitors, which in some 
cases includes chelators of calcium, little is known about 
these enzymes. The chapter called "Degradation of Pro- 
teins in the Endoplasmic Reticulum," by Bonifacino and 
Klausner, presents a synopsis of this field. Several model 
proteins, including the ER membrane protein 3-hydroxy-3- 
methyl glutaryl coenzyme A reductase and Apo protein B 
(both of which are involved in lipid biosynthesis and whose 
half lives are negatively regulated by substrate availabil- 
ity), are described in detail. This chapter, which updates 
an earlier review by these same authors (Klausner et al., 
1990), includes much of their own work on the turnover 
T cell receptor subunits, as well as a description of the use 
of permeabilized cells and yeast mutants for identifying 
the putative calcium-dependent thiol proteases that have 
been implicated in ER protein degradation. 
Antigen processing by the class I and class II MHC is 
excellently reviewed by Harding in a chapter that is written 
to make the subject intelligible to the nonimmunologist. 
MHC class II molecules bind polypeptides at the cell sur- 
face, where they are endocytosed and degraded to pep- 
tides, most likely in late endosomes. The resulting anti- 
genic peptides bound to MHC class II molecules are then 
transported to the plasma membrane, where they are rec- 
ognized by T cells. Although antigen processing has been 
the subject of numerous previous reviews, Harding's chap- 
ter, when presented in the context of the preceding chap- 
ters, particularly the one on peptide hormone degradation, 
makes for an interesting comparison of this pathway with 
others. 
The assembly of many diverse viruses has long been 
recognized to involve both virally encoded and host cell 
proteases, which cleave viral polyproteins and are essen- 
tial for the maintenance of the virus life cycle. The final 
chapter, by Oprea, Waller, and Marshall, is a tour de force 
covering the hardcore biochemistry, enzymology, and 
structure of several viral proteases and is a must for any- 
one interested in virus assembly or the design of antiviral 
agents. It is an excellent review, containing a wealth of 
information. Of particular interest is the section describing 
retroviral aspartic proteases, which are related to pepsin- 
like proteases, and the structural studies on the HIV-1 
protease as a target for drug design. The only shortcoming 
is that much of the narrative describing protease stuctures 
should have been replaced with diagrams. For those of 
us who are "spatially challenged" and find it difficult to 
envisage three-dimensional structures, diagrams would 
have made it far easier to follow some of the descriptive 
passages. 
Overall, this is an excellent monograph that will be of 
interest to graduate students, workers in the field, and 
anyone who wants a good synopsis of cellular proteolytic 
systems. 
Dennis Shields 
Department of Developmental and Molecular Biology 
Albert Einstein College of Medicine 
Bronx, New York 10461 
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